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(57) ABSTRACT

According to an aspect, a display device includes: an image
display panel; a signal processing unit; and a signal process-
ing circuit. The signal processing unit calculates an extension
coefficient o for an input signal, calculates an output signal of
a first sub-pixel, calculates an output signal of a second sub-
pixel, calculates an output signal of a third sub-pixel, calcu-
lates an output signal of a fourth sub-pixel, and calculates a
control signal. The signal processing circuit performs filter-
ing processing on the control signal by a set first time constant
to calculate and output a light-source device control signal,
when the control signal is smaller than a set threshold value,
and performs filtering processing on the control signal by a set
second time constant to calculate and output the light-source
device control signal, when the control signal is equal to or
larger than the threshold value.
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DISPLAY DEVICE, ELECTRONIC
APPARATUS, DRIVING METHOD OF
DISPLAY DEVICE, AND SIGNAL
PROCESSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority from Japanese Application
No. 2013-050761, filed on Mar. 13, 2013, the contents of
which are incorporated by reference herein in its entirety.

BACKGROUND

1. Technical Field

The present disclosure relates to a display device and a
driving method thereof. The present disclosure also relates to
an electronic apparatus that includes the display device. The
present disclosure also relates to a signal processing method
in the display device.

2. Description of the Related Art

In recent years, there has been an increasing demand for a
display device for mobile apparatuses such as portable
phones and electronic papers. In the display device, one pixel
includes plural sub-pixels. The sub-pixels respectively output
light of colors that differ from each other. One pixel can
display various colors by switching ON/OFF the display of
each of the sub-pixels. In some of the display devices, four
sub-pixels including a white-color sub-pixel constitute one
pixel (see Japanese Patent Application Laid-open Publica-
tions No. 2010-33009 (JP-A-2010-33009) and No. 2011-
248352 (JP-A-2011-248352).

JP-A-2010-33009 describes a display device that includes
an image display panel constituted by arraying pixels in a
two-dimensional matrix, each of which is configured by first,
second, third, and fourth sub-pixels, and a signal processing
unit that accepts an input signal and outputs an output signal.
The display device can add a fourth color to three primary
colors to enlarge an HSV color space as compared to the case
of the three primary colors. The signal processing unit has a
maximum value Vmax(S) of brightness, where saturation S is
a variable, stored therein, and obtains the saturation S and
brightness V(S) based on a signal value of the input signal,
and obtains an extension coefficient a based on at least one of
values of Vmax(S)/V(S). The signal processing unit obtains
an output signal value to the fourth sub-pixel based on at least
respective input signal values to the first, second, and third
sub-pixels, and calculates respective output signal values to
the first, second, and third sub-pixels based on the input signal
values, the extension coefficient a, and the fourth output
signal value.

JP-A-2011-248352 describes a display device that
includes a display panel in which plural pixels are provided,
each of which includes sub-pixels that respectively include
red, green, and blue color filters, and a sub-pixel that controls
the light transmission of a white light, a backlight unit that
includes red, green, blue and white light sources, an image
switching circuit that switches the display mode of the dis-
play panel between a moving-image mode and a still-image
mode, and a display control circuit that controls the lumi-
nance of red, green, and blue in the backlight unit according
to an image signal in the moving-image mode, and that con-
trols the luminance of the white light source in the backlight
unit according to an image signal in the still-image mode.

As described in JP-A-2010-33009 and JP-A-2011-248352,
an image signal is extended corresponding to an HSV region
that is expanded by one sub-pixel (basically a white sub-
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pixel) of plural sub-pixels based on the image signal, to
reduce the light amount of the light source and reproduce a
desired image. An image can be brighter without increasing
the light amount of the light source.

However, there is a case where an image viewer can rec-
ognize a change in the image when the light amount of the
light source is changed. Therefore, it is preferable to control
the light amount of the light source appropriately.

Japanese Patent Application Laid-open Publication No.
2010-169768 (JP-A-2010-169768) describes a video display
device that calculates saturation based on signal values of
video input signals of plural colors, that sets a value as a time
constant that becomes larger as the saturation is higher, and
that controls the light amount to be emitted from a white light
source based on a target light amount and the time constant.
However, the control of the light amount described in JP-A-
2010-169768 is not appropriate in a case where the HSV
region is expanded as described in JP-A-2010-33009 and
JP-A-2011-248352.

For the foregoing reasons, there is a need for a display
device, an electronic apparatus, a driving method of the dis-
play device, and a signal processing method capable of pre-
venting an image viewer from recognizing a change in an
image when an HSV color space is expanded.

SUMMARY

According to an aspect, a display device includes: an image
display panel in which pixels are arrayed in a two-dimen-
sional matrix, each of the pixels including a first sub-pixel that
displays a first color, a second sub-pixel that displays a second
color, a third sub-pixel that displays a third color, and a fourth
sub-pixel that displays a fourth color; a signal processing unit
that converts an input value of an input HSV color space of an
input signal into an extension value of an extended HSV color
space that is extended by the first color, the second color, the
third color, and the fourth color to generate an output signal of
the extension value, that outputs the generated output signal
to the image display panel, and that outputs a control signal
for controlling luminance of the image display panel; and a
signal processing circuit that performs signal processing on
the control signal to output a light-source device control
signal for controlling a light-source device that illuminates
the image display panel. The signal processing unit calculates
an extension coefficient a for the input signal, calculates an
output signal of the first sub-pixel based on at least an input
signal of the first sub-pixel and the extension coefficient c,
and outputs the output signal to the first sub-pixel, calculates
an output signal of the second sub-pixel based on at least an
input signal of the second sub-pixel and the extension coef-
ficient o, and outputs the output signal to the second sub-
pixel, calculates an output signal of the third sub-pixel based
on at least an input signal of the third sub-pixel and the
extension coefficient c, and outputs the output signal to the
third sub-pixel, calculates an output signal of the fourth sub-
pixel based on the input signal of the first sub-pixel, the input
signal of the second sub-pixel, and the input signal of the third
sub-pixel, and outputs the output signal to the fourth sub-
pixel, and calculates the control signal based on at least the
extension coefficient a, and outputs the control signal to the
signal processing circuit. The signal processing circuit per-
forms filtering processing on the control signal by a set first
time constant to calculate and output the light-source device
control signal, when the control signal is smaller than a set
threshold value, and performs filtering processing on the con-
trol signal by a set second time constant to calculate and
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output the light-source device control signal, when the con-
trol signal is equal to or larger than the threshold value.

According to another aspect, an electronic apparatus
includes: the display device; and a control device that sup-
plies the input signal to the display device.

According to another aspect, a driving method of a display
device that includes an image display panel in which pixels
are arrayed in a two-dimensional matrix, where each of the
pixels includes a first sub-pixel that displays a first color, a
second sub-pixel that displays a second color, a third sub-
pixel that displays a third color, and a fourth sub-pixel that
displays a fourth color, a signal processing unit that converts
an input value of an input HSV color space of an input signal
into an extension value of an extended HSV color space that
is extended by the first color, the second color, the third color,
and the fourth color to generate an output signal of the exten-
sion value, that outputs the generated output signal to the
image display panel, and that outputs a control signal for
controlling luminance of the image display panel, and a signal
processing circuit that performs signal processing on the con-
trol signal to output a light-source device control signal for
controlling a light-source device that illuminates the image
display panel, the driving method includes: calculating an
extension coefficient o for the input signal; calculating an
output signal of the first sub-pixel based on at least an input
signal of the first sub-pixel and the extension coefficient c,
and outputting the output signal to the first sub-pixel, calcu-
lating an output signal of the second sub-pixel based on at
least an input signal of the second sub-pixel and the extension
coefficient c, and outputting the output signal to the second
sub-pixel, calculating an output signal of the third sub-pixel
based on at least an input signal of the third sub-pixel and the
extension coefficient a., and outputting the output signal to the
third sub-pixel, calculating an output signal of the fourth
sub-pixel based on the input signal of the first sub-pixel, the
input signal of the second sub-pixel, and the input signal of
the third sub-pixel, and outputting the output signal to the
fourth sub-pixel; and performing filtering processing on the
control signal by a set first time constant to calculate and
output the light-source device control signal, when the con-
trol signal is smaller than a set threshold value, and perform-
ing filtering processing on the control signal by a set second
time constant to calculate and output the light-source device
control signal, when the control signal is equal to or larger
than the threshold value.

According to another aspect, a signal processing method in
adisplay device that includes an image display panel in which
pixels are arrayed in a two-dimensional matrix, where each of
the pixels includes a first sub-pixel that displays a first color,
a second sub-pixel that displays a second color, a third sub-
pixel that displays a third color, and a fourth sub-pixel that
displays a fourth color, a signal processing unit that converts
an input value of an input HSV color space of an input signal
into an extension value of an extended HSV color space that
is extended by the first color, the second color, the third color,
and the fourth color to generate an output signal of the exten-
sion value, that outputs the generated output signal to the
image display panel, and that outputs a control signal for
controlling luminance of the image display panel, and a signal
processing circuit that performs signal processing on the con-
trol signal to output a light-source device control signal for
controlling a light-source device that illuminates the image
display panel, where the signal processing unit calculates an
extension coefficient a for the input signal, and calculates the
control signal based on at least the extension coefficient o, the
signal processing method being executed by the signal pro-
cessing circuit. When the control signal is smaller than a set
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threshold value, filtering processing is performed on the con-
trol signal by a set first time constant to calculate and output
the light-source device control signal, and when the control
signal is equal to or larger than the threshold value, filtering
processing is performed on the control signal by a set second
time constant to calculate and output the light-source device
control signal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a configuration example of a
display device according to an embodiment of the present
disclosure;

FIG. 2 is a conceptual diagram of an image display panel
and an image-display-panel drive circuit in the display device
illustrated in FIG. 1;

FIG. 3 is a conceptual diagram of an extended HSV color
space that is extendable by the display device according to the
embodiment;

FIG. 4 is a conceptual diagram illustrating a relationship
between hue and saturation in an extended HSV color space;

FIG. 5 is a conceptual diagram illustrating a relationship
between saturation and brightness in an extended HSV color
space;

FIG. 6 is a conceptual diagram illustrating a relationship
between saturation and brightness in an extended HSV color
space that is not divided;

FIG. 7 is a conceptual diagram illustrating a relationship
between saturation and brightness in an extended HSV color
space;

FIG. 8 is a conceptual diagram illustrating a relationship
between saturation and brightness in an extended HSV color
space;

FIG. 9 is a block diagram of a configuration example of a
filter illustrated in FIG. 1;

FIG. 10 is a block diagram of a configuration example of a
gain control unit illustrated in FIG. 9;

FIG. 11 illustrates an example of frequency characteristics
of the filter;

FIG. 12 illustrates a waveform example of an input signal
and an output signal of the filter;

FIG. 13 illustrates a waveform example of an input signal
and an output signal of the filter;

FIG. 14 illustrates a waveform example of an input signal
and an output signal of the filter;

FIG. 15 is a flowchart illustrating an example of a control
operation of the display device;

FIG. 16 is a flowchart illustrating an example of the control
operation of the display device;

FIG. 17 is a block diagram illustrating a configuration of a
modification of the gain control unit illustrated in FIG. 9;

FIG. 18 is a block diagram of a configuration of a modifi-
cation of the display device according to the embodiment;

FIG. 19 is a perspective view of a configuration example of
an electronic apparatus according to an application example
1;

FIG. 20 is a flowchart illustrating an example of a control
operation of the electronic apparatus;

FIG. 21 illustrates a television device to which the display
device according to the embodiment is applied;

FIG. 22 illustrates a digital camera to which the display
device according to the embodiment is applied;

FIG. 23 illustrates the digital camera to which the display
device according to the embodiment is applied;

FIG. 24 illustrates an external appearance of a video cam-
era to which the display device according to the embodiment
is applied;
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FIG. 25 illustrates a laptop personal computer to which the
display device according to the embodiment is applied; and

FIG. 26 illustrates a portable information terminal to which
the display device according to the embodiment is applied.

DETAILED DESCRIPTION

Hereinafter, an example of implementing a technology of
the present disclosure will be described in detail with refer-
ence to the accompanying drawings. Explanations are given
in the following order.

1. Embodiment

Display Device, Electronic Apparatus, Driving
Method of Display Device, and Signal Processing
Method

One pixel includes a white-color sub-pixel.

An extension coefficient is calculated based on an input
signal, and a control signal is generated based on this exten-
sion coefficient.

Atime constant of a light-source device control signal is set
based on the control signal.

2. Application Example
Electronic Apparatus

Example in which a display device according to the
embodiment is applied to an electronic apparatus

3. Aspects of the Present Disclosure
1. Embodiment

FIG. 1 is a block diagram of a configuration example of a
display device according to an embodiment of the present
disclosure. FIG. 2 is a conceptual diagram of an image display
panel and an image-display-panel drive circuit in the display
device in FIG. 1. As illustrated in FIG. 1, a display device 10
according to the present embodiment includes a signal pro-
cessing unit 20 that transmits a signal to each unit of the
display device 10 to control an operation of each unit, an
image display panel 30 that displays an image based on an
output signal output from the signal processing unit 20, an
image-display-panel drive circuit 40 that controls driving of
the image display panel 30, a planar light-source device 50
that illuminates the image display panel 30 from its backside,
a planar light-source device control circuit 60 that controls
driving of the planar light-source device 50, and a filter (sig-
nal processing circuit) 80 that performs signal processing on
a control signal output from the signal processing unit 20 and
output the control signal to the planar light-source device
control circuit 60. The display device 10 has the same con-
figuration as an image display device assembly described in
Japanese Patent Application Laid-open Publication No.
2011-154323 (JP-A-2011-154323), and various modifica-
tions described in JP-A-2011-154323 are applicable to the
display device 10.

The signal processing unit 20 is an arithmetic processing
unit that controls an operation of each of the image display
panel 30 and the planar light-source device 50. The signal
processing unit 20 is coupled to the image-display-panel
drive circuit 40 and the filter 80. The signal processing unit 20
processes an input signal that is input externally to generate
an output signal and a control signal. That is, the signal
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processing unit 20 converts an input value (an input signal) of
an input HSV color space of the input signal into an extension
value (an output signal) of an extended HSV color space that
is extended by a first color, a second color, a third color, and
a fourth color, and generates the output signal. The signal
processing unit 20 outputs the generated output signal to the
image-display-panel drive circuit 40, and outputs the gener-
ated control signal to the filter 80.

As illustrated in FIG. 2, in the image display panel 30,
pixels 48 are arrayed in a two-dimensional matrix, where the
number of the pixels 48 is P,xQ, (the number of the pixels 48
in the horizontal direction is P, and the number of the pixels
48 in the vertical direction is Q). Each of the pixels 48
includes a first sub-pixel 49R that displays a first primary
color (for example, red), a second sub-pixel 49G that displays
a second primary color (for example, green), a third sub-pixel
498 that displays a third primary color (for example, blue),
and a fourth sub-pixel 49W that displays a fourth color (spe-
cifically, white).

More specifically, the display device according to the
embodiment is a transmissive color liquid crystal display
device. The image display panel 30 is a color liquid crystal
display panel, in which a first color filter that passes the first
primary color is arranged between the first sub-pixel 49R and
an image viewer, a second color filter that passes the second
primary color is arranged between the second sub-pixel 49G
and the image viewer, and a third color filter that passes the
third primary color is arranged between the third sub-pixel
49B and the image viewer. In the image display panel 30, no
color filter is arranged between the fourth sub-pixel 49W and
the image viewer. The fourth sub-pixel 49W can be provided
with a transparent resin layer instead of the color filter. By
providing the transparent resin layer as described above, the
image display panel 30 can prevent generating a sharp step on
the fourth sub-pixel 49W due to the absence of the color filter
in the fourth sub-pixel 49W.

In an example illustrated in FIG. 2, in the image display
panel 30, the first sub-pixel 49R, the second sub-pixel 49G,
the third sub-pixel 49B, and the fourth sub-pixel 49W are
arranged in an array similar to a stripe array. The configura-
tion and arrangement of sub-pixels included in one pixel are
not particularly limited. In the image display panel 30, the
first sub-pixel 49R, the second sub-pixel 49G, the third sub-
pixel 49B, and the fourth sub-pixel 49W can also be arranged
in an array similar to a diagonal array (a mosaic array). For
example, an array similar to a delta array (a triangle array), an
array similar to a rectangle array, or the like can also be
employed. Generally, the array similar to the stripe array is
preferable for personal computers and the like to display data
and text. In contrast thereto, the array similar to the mosaic
array is preferable for video camera recorders, digital still
cameras, and the like to display natural images.

The image-display-panel drive circuit 40 includes a signal
output circuit 41 and a scanning circuit 42. In the image-
display-panel drive circuit 40, the signal output circuit 41
holds therein video signals, and sequentially output the video
signals to the image display panel 30. The signal output
circuit 41 is electrically coupled to the image display panel 30
by a wiring DTL. In the image-display-panel drive circuit 40,
the scanning circuit 42 controls ON/OFF of a switching ele-
ment (forexample, a TFT) that controls an operation (the light
transmission rate) of a sub-pixel in the image display panel
30. The scanning circuit 42 is electrically coupled to the
image display panel 30 by a wiring SCL.

The planar light-source device 50 is arranged at the back-
side of the image display panel 30, and irradiates light toward
the image display panel 30 to illuminate the image display
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panel 30. The planar light-source device 50 irradiates light on
the entire surface of the image display panel 30 to make the
image display panel 30 brighter.

The planar light-source device control circuit 60 controls
the amount of light to be output from the planar light-source
device 50, and the like. Specifically, based on a planar light-
source device control signal that is output from the filter 80,
the planar light-source device control circuit 60 adjusts the
voltage to be supplied to the planar light-source device 50,
and the like to control the amount of light (the light intensity)
irradiated on the image display panel 30.

The filter (signal processing circuit) 80 performs signal
processing described later on the control signal that is input
from the signal processing unit 20 to generate and output a
planar light-source device control signal to the planar light-
source device control circuit 60.

Next, a processing operation performed by the signal pro-
cessing unit 20 will be explained below with reference to
FIGS. 3 to 6. FIG. 3 is a conceptual diagram of an extended
HSV color space that is extendable by the display device
according to the embodiment. FIG. 4 is a conceptual diagram
illustrating a relationship between hue and saturation in the
extended HSV color space. FIG. 5 is a conceptual diagram
illustrating a relationship between saturation and brightness
in the extended HSV color space. FIG. 6 is a conceptual
diagram illustrating a relationship between saturation and
brightness in an extended HSV color space that is not divided.

An input signal that is display image information is exter-
nally input to the signal processing unit 20. The input signal
includes information for each pixel regarding an image (a
color) to be displayed at the position of the pixel. Specifically,
signals for the (p,q)th pixel (where 1=p=P, and 1=q=Q,),
including a first sub-pixel input signal with a signal value of
X_(p,q» @ second sub-pixel input signal with a signal value of
X5 (4 @0d a third sub-pixel input signal with a signal value
of X3_(, ., are input to the signal processing unit 20.

The signal processing unit 20 processes the input signal to
generate a first sub-pixel output signal (a signal value X, , .,)
for deciding display gradation of the first sub-pixel 49R, a
second sub-pixel output signal (a signal value X, , ) for
deciding display gradation of the second sub-pixel 49G, a
third sub-pixel output signal (a signal value X, ) for
deciding display gradation of the third sub-pixel 49B, and a
fourth sub-pixel output signal (a signal value X, , ) for
deciding display gradation of the fourth sub-pixel 49W, and to
output these output signals to the image-display-panel drive
circuit 40.

The display device 10 includes the fourth sub-pixel 49W
that outputs a fourth color (white) to the pixel 48 to expand the
dynamic range of brightness in an HSV color space (an
extended HSV color space) as illustrated in FI1G. 3. That is, as
illustrated in FIG. 3, a three-dimensional body is placed on a
cylindrical-shaped HSV color space that can be displayed by
the first sub-pixel, the second sub-pixel, and the third sub-
pixel, and the three-dimensional body has a substantially
trapezoidal shape with its oblique side being curved in a cross
section that includes the saturation axis and the brightness
axis, where as the saturation becomes higher, the maximum
value of the brightness becomes smaller. A maximum value
Vmax(S) of brightness, where saturation S in the HSV color
space enlarged by adding the fourth color (white) is a vari-
able, is stored in the signal processing unit 20. That is, the
signal processing unit 20 stores therein the maximum value
Vmax(S) of brightness for each coordinates (values) of the
saturation and the hue for the three-dimensional shape of the
HSV color space illustrated in FIG. 3. Because the input
signal is constituted by the input signals of the first sub-pixel
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49R, the second sub-pixel 49G, and the third sub-pixel 49B,
an HSV color space ofthe input signal has a cylindrical shape,
that is, has the same shape as a cylindrical-shaped portion of
the extended HSV color space.

Next, the signal processing unit 20 calculates the first sub-
pixel output signal (the signal value X, _, ) based on at least
the first sub-pixel input signal (the signal value x;_, ) and
the extension coefficient a, and outputs the first sub-pixel
output signal to the first sub-pixel 49R. The signal processing
unit 20 calculates the second sub-pixel output signal (the
signal value X, ., ) based on at least the second sub-pixel
input signal (the signal value x, , ;) and the extension coef-
ficient a, and outputs the second sub-pixel output signal to the
second sub-pixel 49G. The signal processing unit 20 calcu-
lates the third sub-pixel output signal (the signal value
X5 (p,p) based on at least the third sub-pixel input signal (the
signal value x5 , ) and the extension coefficient c, and
outputs the third sub-pixel output signal to the third sub-pixel
49B. The signal processing unit 20 calculates the fourth sub-
pixel output signal (the signal value X, , ,) based on the first
sub-pixel input signal (the signal value x,_, ), the second
sub-pixel input signal (the signal value x,_, ), and the third
sub-pixel input signal (the signal value x;_, .,), and outputs
the fourth sub-pixel output signal to the fourth sub-pixel 49W.

Specifically, the first sub-pixel output signal is calculated
based on the first sub-pixel input signal, the extension coef-
ficient o, and the fourth sub-pixel output signal. Also, the
second sub-pixel output signal is calculated based on the
second sub-pixel input signal, the extension coefficient o, and
the fourth sub-pixel output signal. Also, the third sub-pixel
output signal is calculated based on the third sub-pixel input
signal, the extension coefficient «, and the fourth sub-pixel
output signal.

Thatis, when y is a constant dependent on a display device,
the signal processing unit 20 obtains the first sub-pixel output
signal value X, , ,, the second sub-pixel output signal value
X5 (p.q)» and the third sub-pixel output signal value X, , ., for
the (p,q)th pixel (or a set of the first sub-pixel 49R, the second
sub-pixel 49G, and the third sub-pixel 49B) from the follow-
ing equations, respectively.

Xip.) =X 1.y % Ko
Xortp.) =Xy KXo

X3 00T %3 o A Xapa)

The signal processing unit 20 obtains the maximum value
Vmax(S) of brightness, where the saturation S in the HSV
color space enlarged by adding the fourth color is a variable,
obtains the saturation S and the brightness V(S) of plural
pixels based on input signal values of sub-pixels of these
pixels, and decides the extension coefficient a such that the
proportion of pixels, in which the value of the extended
brightness obtained from the product of the brightness V(S)
and the extension coefficient o exceeds the maximum value
Vmax(S), relative to all pixels, is equal to or lower than a limit
proportion value f. That is, the signal processing unit 20
decides the extension coefficient o within a range where a
value exceeding the maximum value of brightness, of the
values of the extended brightness, does not exceed a value
obtained by multiplying the maximum value Vmax(S) by the
limit proportion value 8. The limit proportion value f is an
upper limit value (proportion) of a proportion of a range
exceeding a maximum value of brightness in the extended
HSV color space in a combination of hue and saturation
value, to the maximum value.
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The saturation S is expressed as S=(Max-Min)/Max, and
the brightness V(S) is expressed as V(S)=Max. The value of
the saturation S can be from 0 to 1, and the value of the
brightness V(S) can be from 0 to (2”-1), where n is the
number of display gradation bits. Max is a maximum value of
three sub-pixel input signal values that are a first sub-pixel
input signal value, a second sub-pixel input signal value, and
a third sub-pixel input signal value for a pixel. Min is a
minimum value of three sub-pixel input signal values that are
the first sub-pixel input signal value, the second sub-pixel
input signal value, and the third sub-pixel input signal value
for a pixel. Hue H is expressed by an angle from 0° to 360° as
illustrated in FIG. 4. As the angle changes from 0° to 360°, the
hue H becomes red, yellow, green, cyan, blue, magenta, and
red. In the embodiment, the region including the angle 0° is
red, the region including the angle 120° is green, and the
region including the angle 240° is blue.

The signal processing unit 20 divides the HSV color space
(the extended HSV color space) illustrated in FIG. 3 into
plural spaces (color spaces) based on at least one of the
saturation S, the hue H, and the brightness V, and sets the limit
proportion value f§ for each of divided spaces.

For example, as illustrated in FIGS. 4 and 5, the signal
processing unit 20 sets a limit proportion value 1 for a space,
where the hue H is included within 0=sH<360, the saturation S
is included within 0.8<S, and the brightness V is included
within 0=V=Max, to 0.01 (1%). Also, the signal processing
unit 20 sets a limit proportion value 32 for a space, where the
hue H is included within 0<H<360, the saturation S is
included within S<0.5, and the brightness V is included
within 0=V=Max, to 0.01 (1%). Also, the signal processing
unit 20 sets a limit proportion value 33 for a space, where the
hue His included within 0=H<90, the saturation S is included
within 0.5<S<0.8, and the brightness V is included within
0=V=Max, to 0.025 (2.5%). Also, the signal processing unit
20 sets a limit proportion value 34 for a space, where the hue
H is included within 90<H<180, the saturation S is included
within 0.5<S<0.8, and the brightness V is included within
10=V=Max, t0 0.025 (2.5%). Also, the signal processing unit
20 sets a limit proportion value 5 for a space, where the hue
H is included within 180<H<270, the saturation S is included
within 0.5<S<0.8, and the brightness V is included within
10=V=Max, t0 0.025 (2.5%). Also, the signal processing unit
20 sets a limit proportion value 6 for a space, where the hue
H is included within 270<H<360, the saturation S is included
within 0.5<S<0.8, and the brightness V is included within
10=V=Max, to 0.025 (2.5%).

That is, in the embodiment, the limit proportion value §
when the saturation S is included within 0.5<S<0.8 is differ-
ent from the limit proportion value 5 when the saturation S is
not included within 0.5<S<0.8 (that is, S<0.5 or 0.8<S).
Therefore, as illustrated in FIG. 5, a space 61 where S<0.5, a
space 62 where 0.5<5<0.8, and a space 64 where 0.8<S have
different relationships with a limit value line 68 that shows a
limit value relative to a maximum value line 66 that shows a
maximum value of the brightness V. Accordingly, the signal
processing unit 20 can make the limit value line 68 different
from a limit value line 69 when the limit proportion value f§ in
the HSV color space is a constant as illustrated in FIG. 6.

In FIGS. 5 and 6, a circle represents an input signal value,
and a star represents the input signal value that has been
extended. In an example in FIG. 5, an extension coefficient o',
by which brightness V(S1') with the saturation value of S1'
becomes Vmax (S1') that is a value tangent to the limit value
line 68, is defined as the extension coefficient of a correspond-
ing image. In an example in FIG. 6, an extension coefficient c,
by which brightness V(S1) with the saturation value of S1
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becomes Vmax (S1) that is a value tangent to the limit value
line 69, is defined as the extension coefficient of the corre-
sponding image.

The signal processing unit 20 sets the limit proportion
value  to different values according to the spaces, and there-
fore can extend a signal more appropriately. For example, a
limit proportion value for a space that exerts a large influence
on the display quality is made small, and a limit proportion
value for a space that exerts a small influence on the display
quality is made large, and therefore an extension coefficient
can be increased while maintaining the display quality. For
example, as described in the embodiment, a limit proportion
value for a space where S is close to 1 (0.8<S in the embodi-
ment) is smaller than a limit proportion value for a space
where S is relatively lower (S<0.8), and accordingly it is
possible that while the display quality is maintained in a
high-saturation region where a color change is noticeable for
human eyes, a high extension coefficient is set in other
regions. A limit proportion value for a space where S is close
to 0 (S<0.5 in the present embodiment) is smaller than a limit
proportion value for a space where S is relatively higher
(0.5<8), and accordingly it is possible that while the display
quality is maintained in a non-saturation region where a gra-
dation change is noticeable for human eyes, a high extension
coefficient is set in other regions.

Next, in the embodiment, the output signal value X, , .,
can be obtained based on the product of a Min,, ., and the
extension coefficient a. Specifically, the output signal value
X4 (p.q) €an be obtained based on the following equation (11).

Xa gy Mig 0, (11)

In the equation (11), the product of the Min,, ,, and the exten-
sion coefficient a is divided by . However, the present dis-
closure is not limited thereto. The extension coefficient a is
decided for each image display frame.

These points are explained below.

Generally, in the (p,q)th pixel, saturation S, , and bright-
ness V(8S),, ., in a cylindrical HSV color space can be
obtained from the following equations based on the first sub-
pixel input signal (the signal value x,_,, ), the second sub-
pixel input signal (the signal value x,_, ), and the third
sub-pixel input signal (the signal value x; , ).

Sp.q(Maxg, j-Ming, o)/ Max, ;) (12-1)

S . MaXep g

The Max, , is a maximum value of the three sub-pixel
input signal values (X, _, .y, X5 (.4 a0d X5 ¢, »). The Min,,
is a minimum value of the three sub-pixel input signal values
(X1-(p.g) X2-(p,qy» A0 X3_(, ). Inthe embodiment, n=8. That is,
the number of display gradation bits is 8 (256 gradations from
the display gradation values ranging from 0 to 255).

No color filter is arranged in the fourth sub-pixel 49W that
displays a white color. It is assumed that the luminance of a
combination of the first sub-pixel 49R, the second sub-pixel
49G, and the third sub-pixel 49B that constitute a pixel or a
pixel group, when a signal with a value corresponding to a
maximum signal value of a first sub-pixel output signal is
input to the first sub-pixel 49R, when a signal with a value
corresponding to a maximum signal value of a second sub-
pixel output signal is input to the second sub-pixel 49G, and
when a signal with a value corresponding to a maximum
signal value of a third sub-pixel output signal is input to the
third sub-pixel 49B, is represented as BN, ;. It is also
assumed that the luminance of the fourth sub-pixel 49W,
when a signal with a value corresponding to a maximum
signal value of a fourth sub-pixel output signal is input to the

(12-2)
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fourth sub-pixel 49W that constitutes a pixel or a pixel group,
is represented as BN,. That is, a white color with the maxi-
mum luminance is displayed by the combination of the first
sub-pixel 49R, the second sub-pixel 49G, and the third sub-
pixel 49B, and the luminance ofthe white color is represented
as BN, ;. Accordingly, when 7 is a constant dependent on a
display device, the constant ¥ is expressed as ¥=BN,/BN, ;.

Specifically, the luminance BN, when an input signal with
the display gradation value 255 is assumed to be input to the
fourth sub-pixel 49W is, for example, one and a half times as
high as the luminance BN, _; of the white color when input
signals with the following display gradation values,
Xy .y =255 w2 (p.y=255, and 5, ,=255 are input to the
combination of the first sub-pixel 49R, the second sub-pixel
49G, and the third sub-pixel 49B, respectively. That is, in the
embodiment, %=1.5.

Meanwhile, when the signal value X, , ., is given by the
equation (11) described above, Vmax(S) can be expressed by
the following equation.

In a case where S<S,;

Vmax(S)=(y+1)-2"-1)
In a case where S;<S<1:

(13-1)

Vmax(S)=(2"-1)-(1/5)

where Sp=1/(y+1).

The maximum value Vmax(S) of brightness, where the
saturation S in the HSV color space enlarged by adding the
fourth color is a variable, is obtained in the manner as
described above, and is stored in the signal processing unit 20
as a kind of look-up table, or is obtained by the signal pro-
cessing unit 20 as needed.

Next, the method of obtaining the output signal values of
the (p,q) thpixel, X,_, .1, X ()09 X3 (p.gy» A0A Xy, ) (€XtEN-
sion processing), will be explained below. The following
processing is performed so as to maintain the proportion of
the luminance of the first primary color displayed by (the first
sub-pixel 49R+the fourth sub-pixel 49W), the luminance of
the second primary color displayed by (the second sub-pixel
49G+the fourth sub-pixel 49W), and the luminance of the
third primary color displayed by (the third sub-pixel 49B+the
fourth sub-pixel 49W). Moreover, the processing is per-
formed so as to hold (maintain) the color tone. Further, the
processing is performed so as to hold (maintain) the grada-
tion-luminance characteristics (gamma characteristics, v
characteristics).

In a case where input signal values of any of pixels or of
pixel groups are all “0” (or are all small), it suffices that the
extension coefficient o is obtained without including such a
pixel or such a pixel group.

[Step-100]

First, based on input signal values of sub-pixels in plural
pixels, the signal processing unit 20 obtains the saturation S
and the brightness V(S) of these pixels. Specifically, S, ,and
V(8S),, are obtained from the equations (12-1) and (12-2),
respectively, based on the first sub-pixel input signal value
Xy_(p,q the second sub-pixel input signal value x,_, .\, and
the third sub-pixel input signal value x;_, ., to the (p,q)th
pixel. This processing is performed on all the pixels.
[Step-110]

Next, the signal processing unit 20 obtains an extension
coefficient a(S) based on the Vmax(S)/V(S) obtained for
plural pixels.

(13-2)

a(S)=Vmax(S)/¥(S)

Values of the extension coefficients a(S) obtained for plu-
ral pixels (for all pixels in the embodiment, where the number
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of'the pixels is PyxQ,) are sorted in ascending order. Among
the values of the extension coefficients au(S), where the num-
ber of these values is P,xQ,, a value of an extension coeffi-
cient o(S) which corresponds to the fxP,xQy-th smallest
extension coefficient a(S) from a minimum value of the
sorted extension coefficients a(S) is defined as the extension
coefficient a.. In this manner, the extension coefficient & can
be decided such that the proportion of pixels, in which the
value of the extended brightness, obtained from the product of
the brightness V(S) and the extension coefficient a, exceeds
the maximum value Vmax(S), relative to all the pixels, is
equal to or lower than a predetermined value ().

In the embodiment, the limit proportion value { is prefer-
ably equal to or larger than 0 and equal to or smaller than 0.2
(equal to or larger than 0% and equal to or smaller than 20%),
more preferably equal to or larger than 0.0001 and equal to or
smaller than 0.20 (equal to or larger than 0.01% and equal to
or smaller than 20%), and even more preferably equal to or
larger than 0.003 and equal to or smaller than 0.05 (equal to or
larger than 0.3% and equal to or smaller than 5%), for
example. This [} value is decided through performing various
kinds of tests.

When the minimum value of Vmax(S)/V(S) is used as the
extension coefficient a, an output signal value relative to an
input signal value does not exceed (28-1). However, when the
extension coefficient o is not the minimum value of
Vmax(S)/V(S), but is decided in the manner as described
above, the brightness for a pixel, in which the extension
coefficient a(S) is smaller than the extension coefficient a, is
multiplied by the extension coefficient ¢, and the value of the
extended brightness exceeds the maximum value Vmax(S).
As aresult, so-called “gradation loss” occurs. However, the
value is, for example, between 0.003 and 0.05 as described
above, and therefore the occurrence of a phenomenon in
which gradation loss is noticeable and an image looks unnatu-
ralis able to be prevented. On the other hand, when the f§ value
exceeded 0.05, an unnatural image with noticeable gradation
loss is confirmed in some cases. When an output signal value
exceeds (27-1) that is a limit value through the extension
processing, it suffices that the output signal value is set to
(27-1) that is the limit value.

Normally, values of the extension coefficient a(S) exceed
1.0, and often gather near 1.0. Therefore, when the minimum
value of Vmax(S)/V(S) is used as the extension coefficient .,
the output signal value is extended to a small degree, and it is
often difficult to achieve low power consumption in a display
device. Accordingly, the f§ value is set equal to or larger than
0 and equal to or smaller than 0.2, for example, and conse-
quently the value of the extension coefficient o in at least a
part of a space can be made large. It suffices that the lumi-
nance of the planar light-source device 50 is multiplied by a
factor of (1/ct) as described later, and thus it is possible to
achieve low power consumption in a display device.
[Step-120]

Next, the signal processing unit 20 obtains the signal value
Xy, Of the (p,q)th pixel based on at least the signal value
Xy_(p,q the signal value x, , ., and the signal value x;_, .
Specifically, in the present embodiment, the signal value
X4_(p, 2 is decided based on the Min(P, 2 the extension coef-
ficient o, and the constant . More specifically, in the embodi-
ment, the signal value X, , . is obtained based on the fol-
lowing equation (11) as described above.

Xy p.qyMing, gy oy, (11)

X4 (p.g) 15 obtained for all pixels, where the number of the
pixels is PoxQ,.



US 9,390,679 B2

13
[Step-130]

Thereafter, the signal processing unit 20 obtains the signal
value X, _, ., of the (p,q)th pixel based on the signal value
Xy_(p.q the extension coefficient o, and the signal value
X4 (p.g)» also obtains the signal value X, ., ,, of the (p,q)th
pixel based on the signal value x,_, ., the extension coeffi-
cient c, and the signal value X, , . and also obtains the
signal value X;_, ., of the (p,q)th pixel based on the signal
valuex;_ , ., the extension coefficient o, and the signal value
Xu(p.g) Specifically, the signal value X, _, -, the signal value
X5 (p.g) and the signal value X, , ., of the (p,q)th pixel are
obtained based on the following equations as described
above.

Xip.) =¥ 1.y % Ko
Yoo T2ty KK p)

0030 KX g)

As expressed by the equation (11), the signal processing
unit 20 extends the value of Min, ,, by . As described above,
the value of Min,,, ., is extended by ., and therefore not only
the luminance of a white display sub-pixel (the fourth sub-
pixel 49W) increases, but also the luminance of a red display
sub-pixel, a green display sub-pixel, and a blue display sub-
pixel (the first sub-pixel 49R, the second sub-pixel 49G, and
the third sub-pixel 49B) increases, as expressed by the above
equations. Accordingly, the occurrence of problems such as
causing dullness of colors can be reliably avoided. That is,
because the value of Min,, , is extended by c., the luminance
of'the entire image is o times as high as that in the case where
the value of Min,,, is not extended. Therefore, animage such
as a still image can be displayed with high luminance, which
is most appropriate.

In the display device according to the embodiment, the
signal value X, , ), the signal value X, , .., the signal value
X3 (p.g) and the signal value X, (, ., of the (p,q)th pixel are
extended by a factor of a. Therefore, it suffices that the
luminance of the planar light-source device 50 is decreased
based on the extension coefficient o in order to have the same
image luminance as the luminance of an unextended image.
Specifically, it suffices that the luminance of the planar light-
source device 50 is multiplied by a factor of (1/at). Accord-
ingly, reduction in power consumption in the planar light-
source device 50 can be achieved. The signal processing unit
20 outputs this (1/a) to the filter 80 (see FIG. 1) as a control
signal.

As described above, by dividing an HSV color space into
plural spaces, and setting the limit proportion value {3 for each
of the divided spaces, the display device according to the
embodiment can set an extension coefficient to a value at
which power consumption can be reduced while maintaining
the display quality.

In the above embodiment, the HSV color space is divided
based on hue and saturation as references, that is, respective
threshold values of hue and saturation are set to divide the
HSV color space into spaces using the threshold values as
boundaries. However, the present disclosure is not limited
thereto. It suffices that the signal processing unit 20 divides
the HSV color space based on at least one of hue, saturation,
and brightness as a reference, as described above. Therefore,
the HSV color space can also be divided based on one of three
parameters that are hue, saturation, and brightness as a refer-
ence, orthe HSV color space can also be divided based ontwo
of'the three parameters as references, or the HSV color space
can also be divided based on all the three parameters as
references.
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An example in which an HSV color space (an extended
HSV color space) is divided will be explained below with
reference to FIGS. 7 and 8. FIG. 7 is a conceptual diagram
illustrating a relationship between saturation and brightness
in the extended HSV color space. FIG. 8 is a conceptual
diagram illustrating a relationship between saturation and
brightness in the extended HSV color space. In an example
illustrated in FIGS. 7 and 8, a limit proportion value f1'ina
space 72, where the hue H is included within 0<H<360, the
saturation S is included within 0.5<S, and the brightness V is
included within 0=sV=Max_,, is set to 0.01 (1%). Also, a
limit proportion value 2' in a space 70, where the hue H is
included within 0<sH<360, the saturation S is included within
S<0.5, and the brightness V is included within 0OsV=Max__|,
is setto 0.01 (1%). Also, alimit proportion value $3' in a space
76, where the hue H is included within 0<H<360, the satura-
tion S is included within 0.5<S, and the brightness V is
included within Max_1<V=Max_2, is set to 0.03 (3%). Also,
a limit proportion value §4' in a space 74, where the hue H is
included within 0<sH<360, the saturation S is included within
S<0.5, and the brightness V is included within
Max_1<V=Max_2, is set to 0.03 (3%).

Thatis, in the example illustrated in FIGS. 7 and 8, the limit
proportion value [ in a case where the brightness V is
included within 0=V=Max_, is different from the limit pro-
portion value P in a case where the brightness V is not
included within 0=sV=Max_, (that is, Max_1<V=Max_2).
Therefore, as illustrated in FIGS. 7 and 8, the space 70 where
S=<0.5 and 0=<V=Max_ | and the space 72 where 0.5<S and
0=<V=Max_ , have a relationship with a limit value line that
shows a limit value relative to the maximum value line 66 that
shows a maximum value of the brightness V, different from
the space 74 where S<0.5 and Max_1<V=Max_2 and the
space 76 where 0.5<S and Max_1<V=Max_2.

It suffices that the display device 10 divides the extended
HSV color space into plural spaces, and sets different limit
proportion values for each of at least two spaces of the divided
spaces. In a part of the extended HSV color space, a space
where a limit proportion value is not set, that is, a space that
is not an analysis target at the time of calculating an extension
coefficient, can also be provided. The display device 10 can
set a limit proportion value appropriate to each of restriction-
target spaces, and therefore can obtain the advantages
described above, although a limit proportion value is not set
for a part of the space.

The display device 10 can also include plural pieces of data
that shows a rule for dividing the extended HSV color space
into plural spaces and information regarding a limit propor-
tion value set for each of the divided spaces, and change the
data that is used. For example, the display device 10 can also
change the rule that is used for dividing the extended HSV
color space into plural spaces, and change the information
regarding the limit proportion value set for each of the divided
spaces, depending on whether a displayed image is a moving
image or a still image. The display device 10 can also change
the data that is used according to the usage environment
(indoor or outdoor, and in light or dark).

In the above descriptions, the display device 10 divides the
extended HSV color space. However, it suffices that the dis-
play device 10 does not divide the extended HSV color space.
Filter Configuration

FIG. 9 is a block diagram of a configuration example of a
filter (signal processing circuit) illustrated in FIG. 1. As illus-
trated in FIG. 9, the filter 80 includes an averaging filter unit
181, a gain control unit 182, a multiplier 183, an adder 184, a
limiter 185, a flip-flop 186, a multiplier 187, and a rounding-
off unit 188.
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The averaging filter unit 181 outputs an 8-bit width signal,
obtained by performing a moving-average of an 8-bit width
control signal (an input signal) (1/a) that is input from the
signal processing unit 20, to the gain control unit 182 and the
multiplier 183. The averaging filter unit 181 is intended to
reduce noise of the input signal (1/ct) and its fluctuations, and
can be omitted.

The gain control unit 182 sets a gain A of the multiplier 183
and a gain B of the multiplier 187 based on the averaged input
signal (1/a) that is input from the averaging filter unit 181
(hereinafter, also simply “input signal (1/a)”). The configu-
ration of the gain control unit 182 is described later.

The multiplier 183 multiplies the 8-bit width signal that is
input from the averaging filter unit 181 by the gain A that is set
by the gain control unit 182 to output a 16-bit width signal to
the adder 184.

The adder 184 adds the 16-bit width signal that is input
from the multiplier 183 and a 16-bit width signal that is input
from the multiplier 187 together to output a 17-bit width
signal to the limiter 185.

When there is a carry in the MSB (most significant bit) of
the 17-bit width signal that is input from the adder 184, the
limiter 185 restricts the 17-bit width signal to a maximum
value that can be represented by a 16-bit width, that is, to
OxFFFF, and outputs a 16-bit width signal to the flip-flop 186
and the rounding-off unit 188.

In the flip-flop 186, a vertical synchronizing signal is input
to its clock input terminal. In synchronization with the verti-
cal synchronizing signal, the flip-flop 186 latches the 14
higher-order bits of the 16-bit width signal that is input from
the limiter 185, and outputs a 14-bit width signal to the
multiplier 187. That is, the flip-flop 186 delays a signal of the
previous frame, which is input from the limiter 185, by one
frame time to output the signal to the multiplier 187.

The multiplier 187 multiplies the 14-bit width signal that is
input from the flip-flop 186 by the gain B thatis set by the gain
control unit 182 to output a 16-bit width signal to the adder
184.

The rounding-off unit 188 outputs an 8-bit width signal,
obtained by rounding off the 8 lower-order bits of the 16-bit
width signal that is input from the limiter 185 to the 8 higher-
order bits, to the planar light-source device control circuit 60
(see FIG. 1) as an output signal (a planar light-source device
control signal). The rounding-off unit 188 is intended to
match the bit width (a 16-bit width in this example) output
from the limiter 185 and the bit width (an 8-bit width in this
example) input to the planar light-source device control cir-
cuit 60 to each other. In a case where the bit width output from
the limiter 185 corresponds with the bit width input to the
planar light-source device control circuit 60, the rounding-off
unit 188 can be omitted.

In this manner, the multiplier 183, the adder 184, the flip-
flop 186, and the multiplier 187 constitute an IIR (infinite
impulse response) filter.

FIG. 10 is a block diagram of a configuration example of a
gain control unit illustrated in FIG. 9. As illustrated in FIG.
10, the gain control unit 182 includes a gain storage unit 191,
a normal-time gain-number storage unit 192, a gain-up-time
number storage unit 193, a threshold-value storage unit 194,
and a gain-change determination unit 195.

The gain storage unit 191 stores therein a set (total 16 sets)
ofagain A, and a gain B,, (where n is an integer of 0=n=<15)
in association with a number from 0 to 15. The gain storage
unit 191 can be a non-rewritable and non-volatile memory
such as a ROM (read only memory), or can be a rewritable and
non-volatile memory such as a flash memory.
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Ina case where the gain storage unit 191 is a non-rewritable
and non-volatile memory, the display-device manufacturer’s
recommended values of the gain A,, and the gain B,, are writ-
ten thereto at the time of manufacturing the display device 10
(more specifically, at the time of manufacturing the non-
rewritable and non-volatile memory), and the display device
10 is shipped to an electronic-apparatus manufacturer. There-
fore, the filter 80 can use the display-device manufacturer’s
recommended values easily.

In a case where the gain storage unit 191 is a rewritable and
non-volatile memory, the gain A, and the gain B,, can be
written thereto at the time of manufacturing the display
device 10, or can be written thereto at the time of manufac-
turing an electronic apparatus at the site of an electronic-
apparatus manufacturer after having shipped the display
device 10 to the electronic-apparatus manufacturer. Alterna-
tively, the display-device manufacturer’s recommended val-
ues can be written thereto at the time of manufacturing the
display device 10, and then be modified by the electronic-
apparatus manufacturer. Therefore, the filter 80 can use the
display-device manufacturer’s recommended values that can
be easily adjusted.

The gain storage unit 191 can also be a volatile memory
such as a RAM (random access memory). In a case where the
gain storage unit 191 is a volatile memory, the gain A, and the
gain B,, are written thereto from a host CPU (not illustrated) at
the time of booting an electronic apparatus having the display
device 10 incorporated therein. Therefore, the filter 80 can
flexibly use a gain according to the usage conditions of the
electronic apparatus.

The filter 80 is the IIR filter in which there is a relationship
expressed as A, +B,=1. Therefore, the gain storage unit 191
can store therein one of the gain A, and the gain B,, and
calculate the other from the above equation.

In this example, the gain storage unit 191 stores therein 16
sets of the gain A,, and the gain B,,. However, the present
disclosure is not limited thereto. For example, the gain stor-
age unit 191 can also store therein four sets, eight sets, 32 sets,
or 64 sets of the gain A, and the gain B,,.

When an input signal (1/ct) is smaller than a threshold value
described later (hereinafter, sometimes “at normal time”), the
normal-time gain-number storage unit (corresponding to a
first information storage unit of the present disclosure) 192
stores therein the number i1 (where is an integer of O=i<15),
that is, first information regarding which of 16 sets of gains
stored in the gain storage unit 191 is selected. The normal-
time gain-number storage unit 192 can be a volatile memory
such as a RAM. The normal-time gain-number storage unit
192 can be a rewritable and non-volatile memory such as a
flash memory. Therefore, the number i, which has been writ-
ten once, can be used again at the time of next power-on, and
accordingly rewriting of the number i is unnecessary. A gain
A, corresponds to a first gain of the present disclosure. A gain
B, corresponds to a second gain of the present disclosure.

The normal-time gain-number storage unit 192 can also
store therein an address of the gain A, and the gain B, in the
gain storage unit 191 as the first information, instead of the
number 1.

When the input signal (1/a) is equal to or larger than the
threshold value described later (hereinafter, sometimes “at
the gain-up time”), the gain-up-time number storage unit
(corresponding to a second information storage unit of the
present disclosure) 193 stores therein the number j (where j is
an integer of 0=<j=<15), that is, second information regarding
which of 16 sets of gains stored in the gain storage unit 191 is
selected. The gain-up-time number storage unit 193 can be a
volatile memory such as a RAM. The gain-up-time number
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storage unit 193 can be a rewritable and non-volatile memory
such as a flash memory. Therefore, the number j, which has
been written once, can be used again at the time of next
power-on, and accordingly rewriting of the number j is unnec-
essary. A gain A, corresponds to a third gain of the present
disclosure. A gain B, corresponds to a fourth gain of the
present disclosure.

The gain-up-time number storage unit 193 can also store
therein an address of the gain A; and the gain B, in the gain
storage unit 191 as the second information, instead of the
number j.

The threshold-value storage unit 194 stores therein a
threshold value Th that is a determination criterion used in
setting the gain A of the multiplier 183 and the gain B of the
multiplier 187. The threshold-value storage unit 194 can be a
volatile memory such as a RAM. The threshold-value storage
unit 194 can be a rewritable and non-volatile memory such as
a flash memory. Therefore, a threshold value, which has been
written once, can be used again at the time of next power-on,
and accordingly rewriting of the threshold value is unneces-
sary.

As explained above, values of the extension coefficient o
normally exceed 1.0, and often gather near 1.0. Therefore, it
is considered to be preferable to set a threshold value approxi-
mately to 0.98 or 0.99. The threshold value Th is assumed to
be 0.98 in the following explanations.

The gain-change determination unit 195 compares the
input signal (1/a) with the threshold value Th stored in the
threshold-value storage unit 194. When the input signal (1/ct)
is smaller than the threshold value Th, that is, at the normal
time, the gain-change determination unit 195 reads the gain
A, and the gain B,, associated with the number i stored in the
normal-time gain-number storage unit 192, from the gain
storage unit 191. The gain-change determination unit 195 sets
the read gain A, that is, the first gain, as the gain A of the
multiplier 183, and sets the read gain B, that is, the second
gain, as the gain B of the multiplier 187.

The gain-change determination unit 195 compares the
input signal (1/a) with the threshold value Th stored in the
threshold-value storage unit 194. When the input signal (1/ct)
is equal to or larger than the threshold value Th, that is, at the
gain-up time, the gain-change determination unit 195 reads
the gain A; and the gain B, associated with the number j stored
in the gain-up-time number storage unit 193, from the gain
storage unit 191. the gain-change determination unit 195 sets
the read gain A, that is, the third gain, as the gain A of the
multiplier 183, and sets the read gain B, that is, the fourth
gain, as the gain B of the multiplier 187.

When the gain A, or the gain A, is equal to the gain A that is
currently set in the multiplier 183, the gain-change determi-
nation unit 195 does not have to set the gain A, or the gain A;
in the multiplier 183. Similarly, when the gain B, or the gain
B, is equal to the gain B that is currently set in the multiplier
187, the gain-change determination unit 195 does not have to
set the gain B, or the gain B, in the multiplier 187.

Upon setting the gain A and the gain B, the gain-change
determination unit 195 outputs a gain-change notification
signal (see FIG. 9).

Setting the gain A in the multiplier 183 and setting the gain
B in the multiplier 187 is equivalent to setting a time constant
in the filter 80.

FIG. 11 illustrates an example of frequency characteristics
of the filter. FIG. 11 illustrates 16 different gain characteris-
tics 200 to 215 realized by the 16 sets of the gain A,, and the
gain B, of the number from 0 to 15, and illustrates phase
characteristics realized by a gain A, and a gain B, of the
number 2. FIG. 11 illustrates an example in which as the
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number increases from 0 to 15, the cut-off frequency becomes
higher and the time constant becomes shorter. The gain char-
acteristics 215 realized by a gain A, 5 and a gain B, 5 of the
number 15 show that an input signal remains unchanged and
is output as an output signal. That is, the gain A5 of the
number 15 is 1, and the gain B, 5 of the number 15 is 0.
FIG. 12 illustrates a waveform example of an input signal
and an output signal of the filter. At the normal time, the gain
A=1/64 and the gain B=63/64, which corresponds to the gain
characteristics 202 (the number 2) in FIG. 11. At the gain-up
time, the gain A=1/2 and the gain B=1/2. As illustrated in F1G.
12, when an input signal (1/a) 221 decreases approximately
from 1 to 0.5 in a step-like manner, the input signal (1/at) 221
is equal to or smaller than the threshold value 0.98. Therefore,
the gain-change determination unit 195 sets the gain A=1/64
at the normal time in the multiplier 183, and sets the gain
B=63/64 at the normal time in the multiplier 187. In this case,
because the cut-off frequency is very low and the time con-
stant is very long, an output signal 222 decreases approxi-
mately from 1 to 0.8 very slowly. Thereafter, when the input
signal (1/a) 221 increases approximately from 0.5to 1 in a
step-like manner, the input signal (1/ct) 221 is larger than the
threshold value 0.98. Therefore, the gain-change determina-
tion unit 195 sets the gain A=1/2 at the gain-up time in the
multiplier 183, and sets the gain B=1/2 at the gain-up time in
the multiplier 187. In this case, because the cut-off frequency
is very high and the time constant is very short, the output
signal 222 increases approximately from 0.8 to 1 rapidly.
FIG. 13 illustrates a waveform example of an input signal
and an output signal of the filter. At the normal time, the gain
A=3/64 and the gain B=61/64, which corresponds to the gain
characteristics 208 (the number 8) in FIG. 11. At the gain-up
time, the gain A=1/2 and the gain B=1/2. As illustrated in F1G.
13, when the input signal (1/a) 221 decreases approximately
from 1 to 0.5 in a step-like manner, the input signal (1/at) 221
is equal to or smaller than the threshold value 0.98. Therefore,
the gain-change determination unit 195 sets the gain A=3/64
at the normal time in the multiplier 183, and sets the gain
B=61/64 at the normal time in the multiplier 187. In this case,
because the cut-off frequency is moderate and the time con-
stant is moderate, an output signal 223 decreases approxi-
mately from 1 to 0.55 smoothly. Thereafter, when the input
signal (1/a) 221 increases approximately from 0.5to 1 in a
step-like manner, the input signal (1/ct) 221 is larger than the
threshold value 0.98. Therefore, the gain-change determina-
tion unit 195 sets the gain A=1/2 at the gain-up time in the
multiplier 183, and sets the gain B=1/2 at the gain-up time in
the multiplier 187. In this case, because the cut-off frequency
is very high and the time constant is very short, the output
signal 223 increases approximately from 0.55 to 1 rapidly.
FIG. 14 illustrates a waveform example of an input signal
and an output signal of the filter. At the normal time, the gain
A=1/8 and the gain B=7/8, which corresponds to the gain
characteristics 211 (the number 11) in FIG. 11. At the gain-up
time, the gain A=1/2 and the gain B=1/2. As illustrated in F1G.
14, when the input signal (1/a) 221 decreases approximately
from 1 to 0.5 in a step-like manner, the input signal (1/at) 221
is equal to or smaller than the threshold value 0.98. Therefore,
the gain-change determination unit 195 sets the gain A=1/8 at
the normal time in the multiplier 183, and sets the gain B=7/8
at the normal time in the multiplier 187. In this case, because
the cut-off frequency is high and the time constant is short, an
output signal 224 decreases approximately from 1 to 0.5
quickly. Thereafter, when the input signal (1/a) 221 increases
approximately from 0.5 to 1 in a step-like manner, the input
signal (1/ct) 221 is larger than the threshold value 0.98. There-
fore, the gain-change determination unit 195 sets the gain
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A=1/2 at the gain-up time in the multiplier 183, and sets the
gain B=1/2 at the gain-up time in the multiplier 187. In this
case, because the cut-off frequency is very high and the time
constant is very short, the output signal 224 increases
approximately from 0.5 to 1 rapidly.

As described above, when the input signal (1/ct) is equal to
or smaller than the threshold value, the time constant is made
long to change the output signal moderately, and when the
input signal (1/a) is larger than the threshold value, the time
constant is made short to change the output signal rapidly, due
to the following reasons.

That is, the status that the input signal (1/ct) becomes small
indicates that the luminance of the planar light-source device
50 becomes low. There is a case where the luminance of the
planar light-source device 50 becomes low rapidly, and then
an image viewer can recognize a change in the image. There-
fore, when the input signal (1/at) is equal to or smaller than the
threshold value, the time constant is made long to change the
output signal moderately in order to decrease the luminance
of'the planar light-source device 50 moderately. Accordingly,
an image viewer can be prevented from recognizing a change
in the image.

The status that the input signal (1/ct) becomes large indi-
cates that the luminance of the planar light-source device 50
becomes high. There is a case where the luminance of the
planar light-source device 50 becomes high slowly, and then
animage viewer can recognize a change in a part of the colors,
particularly a change in a high-saturation color. Therefore,
when the input signal (1/c) is larger than the threshold value,
the time constant is made short to change the output signal
rapidly in order to increase the luminance of the planar light-
source device 50 rapidly. Accordingly, an image viewer can
be prevented from recognizing a change in a part of the colors.
Control Operation of Display Device

Next, an example of a control operation of a display device
will be explained below with reference to FIGS. 15 and 16.
FIGS. 15 and 16 are flowcharts illustrating an example of the
control operation of the display device. The display device 10
implements the processing illustrated in FIG. 15 by perform-
ing arithmetic processing mainly by the signal processing
unit 20. The display device 10 realizes the processing illus-
trated in FI1G. 16 by performing arithmetic processing mainly
by the gain-change determination unit 195.

The signal processing unit 20 divides an extended HSV
color space into plural spaces (Step S12), and sets a limit
proportion value for each of the divided spaces (Step S14).
The signal processing unit 20 reads stored data to divide the
extended HSV color space and to set the limit proportion
values.

After setting the limit proportion values, the signal pro-
cessing unit 20 acquires an input signal (Step S16), and
decides an extension coefficient based on the acquired input
signal, the extended HSV color space (a maximum value of
brightness), and the limit proportion value set for a space
according to the input signal (Step S18). Specifically, the
processing is performed through the above steps to obtain an
extension coefficient such that a proportion of an extended
output signal, which exceeds the extended HSV color space
(the maximum value of brightness), with respect to the
extended entire output signal, does not exceed the limit pro-
portion value.

Thereafter, the signal processing unit 20 decides an output
signal of each sub-pixel based on the input signal and the
extension coefficient, outputs the output signal (Step S20),
and further adjusts an output of a light source (Step S22). That
is, the signal processing unit 20 outputs the extended output
signal to the image-display-panel drive circuit 40, and outputs
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a condition (1/at) of the output of the light source (the planar
light-source device 50), calculated according to a result of the
extension, to the filter 80 as a control signal (an input signal).

When the input signal (the control signal) (1/a) is input
from the signal processing unit 20, the gain-change determi-
nation unit 195 in the filter 80 performs the processing illus-
trated in FIG. 16. The gain-change determination unit 195
compares the input signal (the control signal) (1/a) with a
threshold value stored in the threshold-value storage unit 194.
When the input signal (1/ct) is determined not to be equal to or
larger than the threshold value (NO at Step S52), the gain-
change determination unit 195 sets normal-time gains in the
multipliers 183 and 187, respectively (Step S54). That is, the
gain-change determination unit 195 reads the gain A, and the
gain B,, associated with the number i stored in the normal-
time gain-number storage unit 192, from the gain storage unit
191, sets the read gain A, as the gain A of the multiplier 183,
and sets the read gain B, as the gain B of the multiplier 187.

Therefore, desired normal-time gains are set in the multi-
pliers 183 and 187, respectively. The filter 80 performs filter-
ing on the input signal (1/a) by a desired normal-time time
constant to generate and output an output signal (a planar
light-source device control signal) to the planar light-source
device control circuit 60.

On the other hand, when the input signal (1/a) is deter-
mined to be equal to or larger than the threshold value (YES
at Step S52), the gain-change determination unit 195 sets
gain-up-time gains in the multipliers 183 and 187, respec-
tively (Step S56). That is, the gain-change determination unit
195 reads the gain A and the gain B associated with the
number j stored in the gain-up-time number storage unit 193,
from the gain storage unit 191, sets the read gain A, as the gain
A of the multiplier 183, and sets the read gain B, as the gain B
of the multiplier 187.

Therefore, desired gain-up-time gains are set in the multi-
pliers 183 and 187, respectively. The filter 80 performs filter-
ing on the input signal (1/a) by a desired gain-up-time time
constant to generate and output an output signal (a planar
light-source device control signal) to the planar light-source
device control circuit 60.

Referring back to FIG. 15, after adjusting the output of the
light source, the signal processing unit 20 determines whether
image display is finished (Step S24). When the signal pro-
cessing unit 20 determines not to finish image display (NO at
Step S24), the processing returns to Step S16. Therefore, the
signal processing unit 20 repeats the processing for deciding
an extension coefficient according to an input signal (an
image), generating an output signal based on the extension
coefficient, and adjusting the light amount of a planar light-
source device according to the signal extension, until image
display is finished. When the signal processing unit 20 deter-
mines to finish image display (YES at Step S24), this pro-
cessing is finished.

The display device 10 can obtain the advantages described
above by performing the above processing. Even in a case
where the display device 10 includes a fourth sub-pixel, the
display device 10 can also include a mode of displaying an
image without using the fourth sub-pixel.

Modification of Gain Control Unit

FIG. 17 illustrates a configuration outline of a modification
of a gain control unit illustrated in FIG. 9. As illustrated in
FIG. 17, a gain control unit 182a includes the threshold-value
storage unit 194, a gain-change determination unit 1954, a
normal-time-gain storage unit 196, and a gain-up-time-gain
storage unit 197.

The threshold-value storage unit 194 stores therein the
threshold value Th that is a determination criterion used in
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setting the gain A of the multiplier 183 and the gain B of the
multiplier 187. The threshold-value storage unit 194 can be a
volatile memory such as a RAM. The threshold-value storage
unit 194 can be a rewritable and non-volatile memory such as
a flash memory. Therefore, a threshold value, which has been
written once, can be used again at the time of next power-on,
and accordingly rewriting of the threshold value is unneces-
sary.

As explained above, values of the extension coefficient o
normally exceed 1.0, and often gather near 1.0. Therefore, it
is considered to be preferable to set a threshold value approxi-
mately to 0.98 or 0.99.

When an input signal (1/a) is smaller than the threshold
value Th, that is, at the normal time, the normal-time-gain
storage unit (corresponding to a first gain storage unit of the
present disclosure) 196 stores therein a first gain A, that is set
in the multiplier 183 as the gain A and a second gain B,, that
is set in the multiplier 187 as the gain B. The normal-time-
gain storage unit 196 can be a volatile memory such as a
RAM. The normal-time-gain storage unit 196 can be a rewrit-
able and non-volatile memory such as a flash memory. There-
fore, the gain A, and the gain B,, which have been written
once, can be used again at the time of next power-on, and
accordingly rewriting of the gain A, and the gain B, is unnec-
essary. The gain A, corresponds to a first gain of the present
disclosure. The gain B,, corresponds to a second gain of the
present disclosure.

When the input signal (1/a) is equal to or larger than the
threshold value Th, that is, at the gain-up time, the gain-up-
time-gain storage unit (corresponding to a second gain stor-
age unit of the present disclosure) 197 stores therein a third
gain A, that is set in the multiplier 183 as the gain A and a
fourth gain B, that is set in the multiplier 187 as the gain B.
The gain-up-time-gain storage unit 197 can be a volatile
memory such as a RAM. The gain-up-time-gain storage unit
197 can be a rewritable and non-volatile memory such as a
flash memory. Therefore, the gain A ,and the gain B, which
have been written once, can be used again at the time of next
power-on, and accordingly rewriting of the gain A, and the
gain B, is unnecessary. The gain A, corresponds to a third
gain of the present disclosure. The gain B, corresponds to a
fourth gain of the present disclosure.

The gain-change determination unit 195a compares the
input signal (1/a) with the threshold value Th stored in the
threshold-value storage unit 194. When the input signal (1/ct)
is smaller than the threshold value Th, that is, at the normal
time, the gain-change determination unit 195a reads the gain
A, and the gain By, stored in the normal-time-gain storage
unit 196, sets the read gain A, that is, the first gain, as the gain
A of the multiplier 183, and sets the read gain B,, that is, the
second gain, as the gain B of the multiplier 187.

The gain-change determination unit 195a compares the
input signal (1/a) with the threshold value Th stored in the
threshold-value storage unit 194. When the input signal (1/ct)
is equal to or larger than the threshold value Th, that is, at the
gain-up time, the gain-change determination unit 1954 reads
the gain A, and the gain B, stored in the gain-up-time-gain
storage unit 197, sets the read gain A,,, that is, the third gain,
as the gain A of the multiplier 183, and sets the read gain B,
that is, the fourth gain, as the gain B of the multiplier 187.

When the gain A, or the gain A, is equal to the gain A that
is currently set in the multiplier 183, it suffices that the gain-
change determinationunit 1954 does not set the gain A, or the
gain A, in the multiplier 183. Similarly, when the gain B, or
the gain B, is equal to the gain B that is currently set in the
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multiplier 187, it suffices that the gain-change determination
unit 1954 does not set the gain B, or the gain B, in the
multiplier 187.

As compared to the gain control unit 182, the gain control
unit 182a does not need the gain storage unit 191, and there-
fore can reduce the storage area, the circuit size, and the
mounting area, and accordingly can reduce costs.
Modification of Display Device

In a display device, plural planar light-source devices can
be used in some cases such as when an image-display region
is large. The present disclosure is applicable also in such a
case.

FIG. 18 is a block diagram of a configuration of a modifi-
cation of the display device according to the embodiment of
the present disclosure. As illustrated in FIG. 18, a display
device 10q includes the signal processing unit 20 that trans-
mits a signal to each unit of the display device 10a to control
an operation of each unit, the image display panel 30 that
displays an image based on an output signal output from the
signal processing unit 20, the image-display-panel drive cir-
cuit 40 that controls driving of the image display panel 30, the
planar light-source device 50 that illuminates the image dis-
play panel 30 from its backside, the planar light-source device
control circuit 60 that controls driving of the planar light-
source device 50, and the filter (signal processing circuit) 80
that performs signal processing on a control signal output
from the signal processing unit 20 to output the control signal
to the planar light-source device control circuit 60.

The planar light-source device 50 is arranged at the back-
side of the image display panel 30, and irradiates light toward
the image display panel 30 to illuminate the image display
panel 30. The planar light-source device 50 includes plural
(two in this example) planar light-source devices 50a and
505. The planar light-source device 50q illuminates a half of
the image display panel 30 at the upstream side in the scan-
ning direction (at the upper side in FIG. 18). The planar
light-source device 504 illuminates a half of the image dis-
play panel 30 at the downstream side in the scanning direction
(at the lower side in FIG. 18).

The planar light-source device control circuit 60 controls
the amount of light to be output from the planar light-source
device 50, and the like. Specifically, based on a planar light-
source device control signal that is output from the filter 80,
the planar light-source device control circuit 60 adjusts the
voltage to be supplied to the planar light-source device 50,
and the like to control the amount of light (the light intensity)
irradiated on the image display panel 30. The planar light-
source device control circuit 60 includes plural (two in this
example) planar light-source device control circuits 60a and
605. The planar light-source device control circuit 60a con-
trols the amount of light to be output from the planar light-
source device 50q, and the like. The planar light-source
device control circuit 605 controls the amount of light to be
output from the planar light-source device 505, and the like.

The filter (signal processing circuit) 80 performs the signal
processing described above on a control signal (1/a) that is
input from the signal processing unit 20 to generate and
output a planar light-source device control signal to the planar
light-source device control circuit 60. The filter 80 includes
plural (two in this example) filters 80a and 805. The filter 80a
performs the signal processing described above on the control
signal (1/a) that is input from the signal processing unit 20 to
generate and output a planar light-source device control sig-
nal to the planar light-source device control circuit 60a. The
filter 805 performs the signal processing described above on
the control signal (1/c) that is input from the signal process-
ing unit 20 to generate and output a planar light-source device
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control signal to the planar light-source device control circuit
6054. The circuit configuration of the filters 80a and 805 is the
same as that previously explained in FIG. 9.

As described above, in the display device 10a using the
planar light-source devices 50a and 505, the filters 80a and
806 are provided corresponding to the planar light-source
devices 50a and 504, respectively. Each of the filters 80a and
8054 is configured in a very small circuit size as illustrated in
FIG. 9. Therefore, even in a case where the display device 10a
includes the filters 80a and 8054, the display device 10a can
still reduce the circuit size and the mounting area, and accord-
ingly reduce costs.

2. Application Example

Next, application examples of the display device 10
according to the above embodiment will be explained below.
It is possible to apply the display device 10 according to the
embodiment to electronic apparatuses in any field, including
a portable phone, a portable terminal device such as a smart-
phone, a television device, a digital camera, a laptop personal
computer, a video camera, meters provided in a vehicle, and
the like. In other words, it is possible to apply the display
device 10 according to the present embodiment to electronic
apparatuses in any field, which display a video signal input
externally or a video signal generated internally as an image
or a video. The electronic apparatuses include a control
device that supplies a video signal to the display device to
control an operation of the display device.

Application Example 1

FIG. 19 is a perspective view of a configuration example of
an electronic apparatus according to an application example
1. An electronic apparatus 100 is a portable phone, and
includes, for example, a main unit 111 and a display body 112
that is provided to be capable of being opened from and
closed to the mainunit 111 as illustrated in FIG. 19. The main
unit 111 includes an operation button 115 and a transmitter
116. The electronic apparatus 100 has a control device 120
that is incorporated therein to control the electronic apparatus
100 in its entirety. The display body 112 includes a display
device 113 and a receiver 117. The display device 113 per-
forms various kinds of display regarding telephone commu-
nication on a display screen 114 of the display device 113.
The electronic apparatus 100 includes a control unit (not
illustrated) that controls an operation of the display device
113. This control unit is provided in the interior of the main
unit 111 as a part of the control device 120, or is provided in
the interior of the display body 112 separately from the con-
trol device 120. The control device 120 that controls the
electronic apparatus 100 in its entirety supplies a video signal
to the control unit of the display device 113. That is, the
control device 120 decides a video to be displayed by the
electronic apparatus 100, and transmits a video signal of the
decided video to the control unit of the display device 113 to
cause the display device 113 to display the decided video.

The display device 113 has the same configuration as the
display device 10 according to the above embodiment. There-
fore, the display device 113 can achieve low power consump-
tion, while suppressing reduction in display quality.

Examples of an electronic apparatus, to which the display
device 10 according to the above embodiment is applicable,
include a clock with a display device, a watch with a display
device, a personal computer, a liquid crystal television, a
viewfinder-type or monitor direct-view-type videotape
recorder, a car navigation device, a pager, an electronic orga-
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nizer, a calculator, a word processor, a workstation, a video-
phone, and a POS terminal device, in addition to the portable
phone explained above.

The electronic apparatus may change data (hereinafter,
“conditions”) that shows a rule for dividing an extended HSV
color space into plural spaces and information regarding a
limit proportion value set for each of the divided spaces
according to an image-displaying application (software and
function). FIG. 20 is a flowchart illustrating an example of a
control operation of an electronic apparatus. The electronic
apparatus 100 implements the processing illustrated in FIG.
20 by performing arithmetic processing mainly by the signal
processing unit 20 in the display device 113 and by the control
device 120.

The control device 120 specifies an executed application
(Step S30), and extracts conditions that correspond to the
application (Step S31).

Next, the display device 113 divides an extended HSV
color space into plural spaces (Step S32), and sets a limit
proportion value for each of the divided spaces (Step S34).
The display device 113 reads stored data to divide the color
space and to set the limit proportion values.

After setting the limit proportion values, the display device
113 acquires an input signal (Step S36), and decides an exten-
sion coefficient based on the acquired input signal, the
extended HSV color space (a maximum value of brightness),
and the limit proportion value (Step S38) set for a space
according to the input signal. Specifically, the processing is
performed through the above steps to obtain an extension
coefficient such that a proportion of an extended output sig-
nal, which exceeds the extended HSV color space (the maxi-
mum value of brightness), with respect to the extended entire
output signal, does not exceed the limit proportion value.

Thereafter, the display device 113 decides an output signal
of'each sub-pixel based on the input signal and the extension
coefficient, outputs the output signal (Step S40), and further
adjusts an output of a light source (Step S42). After adjusting
the output of the light source, the display device 113 deter-
mines whether image display is finished (Step S44). When the
electronic apparatus 100 determines not to finish image dis-
play (NO at Step S44), the display device 113 and the control
device 120 determine whether the application is changed
(Step S46). When the control device 120 determines that the
application is changed (YES at Step S46), the processing
returns to Step S31, and the conditions are changed. When the
control device 120 determines that the application is not
changed (NO at Step S46), the processing returns to Step S36.
Therefore, the electronic apparatus 100 repeats the process-
ing for deciding an extension coefficient according to an input
signal (an image), generating an output signal based on the
extension coefficient, and adjusting the light amount of a
planar light-source device according to the signal extension,
until image display is finished. When the application is
changed, the electronic apparatus 100 can extend the input
signal based on the conditions of a changed application.
When the electronic apparatus 100 determines to finish image
display (YES at Step S44), this processing is finished.

The electronic apparatus 100 can obtain the advantages
described above by performing the above processing. The
electronic apparatus 100 changes the conditions according to
the change of the application, and therefore can increase the
extension coefficient when display quality degradation is
allowed, and can decrease the extension coefficient when
high display quality is required, for example. This can satisfy
the intended use of the electronic apparatus 100, and further
can maintain the display quality and reduce power consump-
tion.
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Application Example 2

FIG. 21 illustrates a television device to which the display
device according to the embodiment is applied. This televi-
sion device includes a video display screen unit 510 that
includes a front panel 511 and a filter glass 512, for example.
The video display screen unit 510 is the display device
according to the embodiment.

Application Example 3

FIGS. 22 and 23 illustrate a digital camera to which the
display device according to the embodiment is applied. This
digital camera includes a flash-light producing unit 521, a
display unit 522, a menu switch 523, and a shutter button 524,
for example. The display unit 522 is the display device
according to the embodiment. As illustrated in FIG. 22, the
digital camera includes a lens cover 525, and can slide the lens
cover 525 to expose an image-capturing lens. A digital cam-
era can image light incident from its image-capturing lens to
capture a digital photograph.

Application Example 4

FIG. 24 illustrates the external appearance of a video cam-
era to which the display device according to the embodiment
is applied. This video camera includes a main unit 531, a
subject capturing lens 532 that is provided on the front side of
the main unit 531, an image-capturing start/stop switch 533,
and a display unit 534, for example. The display unit 534 is
the display device according to the embodiment.

Application Example 5

FIG. 25 illustrates a laptop personal computer to which the
display device according to the embodiment is applied. This
laptop personal computer includes a main unit 541, a key-
board 542 for an operation to input text and the like, and a
display unit 543 that displays an image. The display unit 543
is configured by the display device according to the embodi-
ment.

Application Example 6

FIG. 26 illustrates a portable information terminal that
operates as a portable computer, a multi-functional portable
phone, a portable computer capable of making a voice call, or
a portable computer capable of other forms of communica-
tion, and that is also referred to as “smartphone” or “tablet
terminal”. This portable information terminal includes a dis-
play unit 562 on a surface of a casing 561, for example. The
display unit 562 is the display device according to the
embodiment.

3. Aspects of the Present Disclosure

The present disclosure includes the following aspects.
(1) A display device comprising:

an image display panel in which pixels are arrayed in a
two-dimensional matrix, each of the pixels including a first
sub-pixel that displays a first color, a second sub-pixel that
displays a second color, a third sub-pixel that displays a third
color, and a fourth sub-pixel that displays a fourth color;

a signal processing unit that converts an input value of an
input HSV color space of an input signal into an extension
value of an extended HSV color space that is extended by the
first color, the second color, the third color, and the fourth
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color to generate an output signal of the extension value, that
outputs the generated output signal to the image display
panel, and that outputs a control signal for controlling lumi-
nance of the image display panel; and

a signal processing circuit that performs signal processing
on the control signal to output a light-source device control
signal for controlling a light-source device that illuminates
the image display panel, wherein

the signal processing unit

calculates an extension coefficient o for the input signal,

calculates an output signal of the first sub-pixel based on at
least an input signal of the first sub-pixel and the extension
coefficient a, and outputs the output signal to the first sub-
pixel,

calculates an output signal of the second sub-pixel based on
at least an input signal of the second sub-pixel and the exten-
sion coefficient o, and outputs the output signal to the second
sub-pixel,

calculates an output signal of the third sub-pixel based on
at least an input signal of the third sub-pixel and the extension
coefficient c, and outputs the output signal to the third sub-
pixel,

calculates an output signal of the fourth sub-pixel based on
the input signal of the first sub-pixel, the input signal of the
second sub-pixel, and the input signal of the third sub-pixel,
and outputs the output signal to the fourth sub-pixel, and

calculates the control signal based on at least the extension
coefficient o, and outputs the control signal to the signal
processing circuit, and

the signal processing circuit performs filtering processing
on the control signal by a set first time constant to calculate
and output the light-source device control signal, when the
control signal is smaller than a set threshold value, and per-
forms filtering processing on the control signal by a set sec-
ond time constant to calculate and output the light-source
device control signal, when the control signal is equal to or
larger than the threshold value.

(2) The display device according to (1), wherein

the signal processing circuit includes a first multiplier, a
second multiplier, an adder, a delay circuit, and a gain control
unit,

the first multiplier multiplies the control signal by a gain A,

the second multiplier multiplies an output signal of the
delay circuit by a gain B,

the adder adds an output signal of the first multiplier and an
output signal of the second multiplier together,

the delay circuit delays an output signal of the adder by one
frame time, and

the gain control unit sets a set first gain in the first multiplier
as the gain A and sets a set second gain in the second multi-
plier as the gain B, when the control signal is smaller than the
threshold value, and sets a set third gain in the first multiplier
asthe gain A and sets a set fourth gain in the second multiplier
as the gain B, when the control signal is equal to or larger than
the threshold value.

(3) The display device according to (2), wherein

the gain control unit includes

a gain storage unit that stores therein a plurality of sets of
gains, each of the sets of gains includes two gains,

a first information storage unit that has first information for
selecting one set of gains among the sets of gains set therein
when the control signal is smaller than the threshold value,

a second information storage unit that has second informa-
tion for selecting one set of gains among the sets of gains set
therein when the control signal is equal to or larger than the
threshold value, and
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a gain-change determination unit that selects one set of
gains among the sets of gains as the first and second gains
based on the first information set in the first information
storage unit, and sets the first and second gains in the first and
second multipliers as the gain A and the gain B, respectively,
when the control signal is smaller than the threshold value,
and that selects one set of gains among the sets of gains as the
third and fourth gains based on the second information set in
the second information storage unit, and sets the third and
fourth gains in the first and second multipliers as the gain A
and the gain B, respectively, when the control signal is equal
to or larger than the threshold value.

(4) The display device according to (2), wherein

the gain control unit includes

a first gain storage unit that has the first and second gains
set therein,

asecond gain storage unit that has the third and fourth gains
set therein, and

a gain-change determination unit that sets the first and
second gains set in the first gain storage unit, in the first and
second multipliers as the gain A and the gain B, respectively,
when the control signal is smaller than the threshold value,
and that sets the third and fourth gains set in the second gain
storage unit, in the first and second multipliers as the gain A
and the gain B, respectively, when the control signal is equal
to or larger than the threshold value.

(5) The display device according to (1), wherein

the image display panel is illuminated by a plurality of
light-source devices, and

the display device comprises a plurality of the signal pro-
cessing circuits that output the light-source device control
signal respectively to the light-source devices based on the
control signal.

(6) The display device according to (1), wherein

the signal processing unit sets a limit proportion value for
the extended HSV color space, the limit proportion value
being an upper limit of a proportion of a range that exceeds a
maximum value of brightness in the extended HSV color
space in a combination of hue and saturation value to the
maximum value, and the signal processing unit calculates an
extension coefficient o for the input signal within a range
where a value exceeding the maximum value of brightness,
among values obtained by performing multiplication on
brightness of each sub-pixel signal in the input signal by the
extension coefficient a, does not exceed a value obtained by
multiplying the maximum value of brightness by the limit
proportion value.

(7) The display device according to (6), wherein the signal
processing unit divides the extended HSV color space into a
plurality of spaces by at least one of saturation, brightness,
and hue, and sets different values for at least two of the
divided spaces as a limit proportion value that is an upper
limit of'a proportion of a range that exceeds a maximum value
of brightness in the extended HSV color space in a combina-
tion of hue and saturation values to the maximum value.

(8) The display device according to (7), wherein the signal
processing unit divides the extended HSV color space into
two or more spaces based on the saturation as a reference.
(9) The display device according to (7), wherein the signal
processing unit divides the extended HSV color space into
two or more spaces based on the hue as a reference.

(10) The display device according to (7), wherein the signal
processing unit divides the extended HSV color space into
two or more spaces based on the brightness as a reference.
(11) The display device according to (1), wherein the fourth
color is white.
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(12) An electronic apparatus comprising:

the display device according to (1); and

a control device that supplies the input signal to the display
device.
(13) A driving method of a display device that includes an
image display panel in which pixels are arrayed in a two-
dimensional matrix, where each of the pixels includes a first
sub-pixel that displays a first color, a second sub-pixel that
displays a second color, a third sub-pixel that displays a third
color, and a fourth sub-pixel that displays a fourth color, a
signal processing unit that converts an input value of an input
HSV color space of an input signal into an extension value of
an extended HSV color space that is extended by the first
color, the second color, the third color, and the fourth color to
generate an output signal of the extension value, that outputs
the generated output signal to the image display panel, and
that outputs a control signal for controlling luminance of the
image display panel, and a signal processing circuit that per-
forms signal processing on the control signal to output a
light-source device control signal for controlling a light-
source device that illuminates the image display panel, the
driving method comprising:

calculating an extension coefficient a for the input signal;

calculating an output signal of the first sub-pixel based on
at least an input signal of the first sub-pixel and the extension
coefficient o, and outputting the output signal to the first
sub-pixel,

calculating an output signal of the second sub-pixel based
on at least an input signal of the second sub-pixel and the
extension coefficient a., and outputting the output signal to the
second sub-pixel,

calculating an output signal of the third sub-pixel based on
at least an input signal of the third sub-pixel and the extension
coefficient o, and outputting the output signal to the third
sub-pixel,

calculating an output signal of the fourth sub-pixel based
on the input signal of the first sub-pixel, the input signal of the
second sub-pixel, and the input signal of the third sub-pixel,
and outputting the output signal to the fourth sub-pixel; and

performing filtering processing on the control signal by a
set first time constant to calculate and output the light-source
device control signal, when the control signal is smaller than
a set threshold value, and performing filtering processing on
the control signal by a set second time constant to calculate
and output the light-source device control signal, when the
control signal is equal to or larger than the threshold value.
(14) A signal processing method in a display device that
includes an image display panel in which pixels are arrayed in
a two-dimensional matrix, where each of the pixels includes
a first sub-pixel that displays a first color, a second sub-pixel
that displays a second color, a third sub-pixel that displays a
third color, and a fourth sub-pixel that displays a fourth color,
a signal processing unit that converts an input value of an
input HSV color space of an input signal into an extension
value of an extended HSV color space that is extended by the
first color, the second color, the third color, and the fourth
color to generate an output signal of the extension value, that
outputs the generated output signal to the image display
panel, and that outputs a control signal for controlling lumi-
nance of the image display panel, and a signal processing
circuit that performs signal processing on the control signal to
output a light-source device control signal for controlling a
light-source device that illuminates the image display panel,
where the signal processing unit calculates an extension coef-
ficient o for the input signal, and calculates the control signal
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based on at least the extension coefficient a, the signal pro-
cessing method being executed by the signal processing cir-
cuit, wherein

when the control signal is smaller than a set threshold
value, filtering processing is performed on the control signal
by a set first time constant to calculate and output the light-
source device control signal, and when the control signal is
equal to or larger than the threshold value, filtering processing
is performed on the control signal by a set second time con-
stant to calculate and output the light-source device control
signal.

What is claimed is:
1. A display device comprising:
an image display panel in which pixels are arrayed in a
two-dimensional matrix, each of the pixels including a
first sub-pixel that displays a first color, a second sub-
pixel that displays a second color, a third sub-pixel that
displays a third color, and a fourth sub-pixel that dis-
plays a fourth color;
a signal processing unit that converts an input value of an
input HSV color space of an input signal into an exten-
sion value of an extended HSV color space that is
extended by the first color, the second color, the third
color, and the fourth color to generate an output signal of
the extension value, that outputs the generated output
signal to the image display panel, and that outputs a
control signal for controlling luminance of the image
display panel; and
a signal processing circuit that performs signal processing
on the control signal to output a light-source device
control signal for controlling a light-source device that
illuminates the image display panel, wherein
the signal processing unit
calculates an extension coefficient o for the input signal,
calculates an output signal of the first sub-pixel based on
at least an input signal of the first sub-pixel and the
extension coefficient o, and outputs the output signal
to the first sub-pixel,

calculates an output signal of the second sub-pixel based
on at least an input signal of the second sub-pixel and
the extension coefficient o, and outputs the output
signal to the second sub-pixel,

calculates an output signal of the third sub-pixel based
on at least an input signal of the third sub-pixel and the
extension coefficient o, and outputs the output signal
to the third sub-pixel,

calculates an output signal of the fourth sub-pixel based
on the input signal of the first sub-pixel, the input
signal of the second sub-pixel, and the input signal of
the third sub-pixel, and outputs the output signal to the
fourth sub-pixel, and

calculates the control signal based on at least the exten-
sion coefficient c, and outputs the control signal to the
signal processing circuit,

the signal processing circuit performs filtering processing
on the control signal by a set first time constant to cal-
culate and output the light-source device control signal,
when the control signal is smaller than a set threshold
value, and performs filtering processing on the control
signal by a set second time constant to calculate and
output the light-source device control signal, when the
control signal is equal to or larger than the threshold
value, and

the signal processing unit outputs a reciprocal (1/ct) of the
extension coefficient o to the signal processing circuit,
the reciprocal (1/a) being the control signal.
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2. The display device according to claim 1, wherein

the signal processing circuit includes a first multiplier, a
second multiplier, an adder, a delay circuit, and a gain
control unit,

the first multiplier multiplies the control signal by a gain A,

the second multiplier multiplies an output signal of the

delay circuit by a gain B,

the adder adds an output signal of the first multiplier and an
output signal of the second multiplier together,

the delay circuit delays an output signal of the adder by one
frame time, and

the gain control unit sets a set first gain in the first multiplier
as the gain A and sets a set second gain in the second
multiplier as the gain B, when the control signal is
smaller than the threshold value, and sets a set third gain
in the first multiplier as the gain A and sets a set fourth
gain in the second multiplier as the gain B, when the
control signal is equal to or larger than the threshold
value.

3. The display device according to claim 2, wherein

the gain control unit includes

a gain storage unit that stores therein a plurality of sets of
gains, each of the sets of gains includes two gains,

a first information storage unit that has first information
for selecting one set of gains among the sets of gains
set therein when the control signal is smaller than the
threshold value,

a second information storage unit that has second infor-
mation for selecting one set of gains among the sets of
gains set therein when the control signal is equal to or
larger than the threshold value, and

a gain-change determination unit that selects one set of
gains among the sets of gains as the first and second
gains based on the first information set in the first
information storage unit, and sets the first and second
gains in the first and second multipliers as the gain A
and the gain B, respectively, when the control signal is
smaller than the threshold value, and that selects one
set of gains among the sets of gains as the third and
fourth gains based on the second information set in
the second information storage unit, and sets the third
and fourth gains in the first and second multipliers as
the gain A and the gain B, respectively, when the
control signal is equal to or larger than the threshold
value.

4. The display device according to claim 2, wherein
the gain control unit includes

afirst gain storage unit that has the first and second gains
set therein,

a second gain storage unit that has the third and fourth
gains set therein, and

a gain-change determination unit that sets the first and
second gains set in the first gain storage unit, in the
first and second multipliers as the gain A and the gain
B, respectively, when the control signal is smaller
than the threshold value, and that sets the third and
fourth gains set in the second gain storage unit, in the
first and second multipliers as the gain A and the gain
B, respectively, when the control signal is equal to or
larger than the threshold value.

5. The display device according to claim 1, wherein

the image display panel is illuminated by a plurality of
light-source devices, and

the display device comprises a plurality of the signal pro-
cessing circuits that output the light-source device con-
trol signal respectively to the light-source devices based
on the control signal.
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6. The display device according to claim 1, wherein

the signal processing unit sets a limit proportion value for
the extended HSV color space, the limit proportion
value being an upper limit of a proportion of a range that
exceeds a maximum value of brightness in the extended
HSV color space in a combination of hue and saturation
value to the maximum value, and the signal processing
unit calculates an extension coefficient a for the input
signal within a range where a value exceeding the maxi-
mum value of brightness, among values obtained by
performing multiplication on brightness of each sub-
pixel signal in the input signal by the extension coeffi-
cient o, does not exceed a value obtained by multiplying
the maximum value of brightness by the limit proportion
value.

7. The display device according to claim 6, wherein the
signal processing unit divides the extended HSV color space
into a plurality of spaces by at least one of saturation, bright-
ness, and hue, and sets different values for at least two of the
divided spaces as a limit proportion value that is an upper
limit of'a proportion of a range that exceeds a maximum value
of brightness in the extended HSV color space in a combina-
tion of hue and saturation values to the maximum value.

8. The display device according to claim 7, wherein the
signal processing unit divides the extended HSV color space
into two or more spaces based on the saturation as a reference.

9. The display device according to claim 7, wherein the
signal processing unit divides the extended HSV color space
into two or more spaces based on the hue as a reference.

10. The display device according to claim 7, wherein the
signal processing unit divides the extended HSV color space
into two or more spaces based on the brightness as a refer-
ence.

11. The display device according to claim 1, wherein the
fourth color is white.

12. An electronic apparatus comprising:

the display device according to claim 1; and

a control device that supplies the input signal to the display

device.

13. A driving method of a display device that includes an
image display panel in which pixels are arrayed in a two-
dimensional matrix, where each of the pixels includes a first
sub-pixel that displays a first color, a second sub-pixel that
displays a second color, a third sub-pixel that displays a third
color, and a fourth sub-pixel that displays a fourth color, a
signal processing unit that converts an input value of an input
HSV color space of an input signal into an extension value of
an extended HSV color space that is extended by the first
color, the second color, the third color, and the fourth color to
generate an output signal of the extension value, that outputs
the generated output signal to the image display panel, and
that outputs a control signal for controlling luminance of the
image display panel, and a signal processing circuit that per-
forms signal processing on the control signal to output a
light-source device control signal for controlling a light-
source device that illuminates the image display panel, the
driving method comprising:
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calculating an extension coefficient a for the input signal;

calculating an output signal of the first sub-pixel based on

at least an input signal of the first sub-pixel and the
extension coefficient o, and outputting the output signal
to the first sub-pixel,

calculating an output signal of the second sub-pixel based

on at least an input signal of the second sub-pixel and the
extension coefficient o, and outputting the output signal
to the second sub-pixel,

calculating an output signal of the third sub-pixel based on

at least an input signal of the third sub-pixel and the
extension coefficient o, and outputting the output signal
to the third sub-pixel,

calculating an output signal of the fourth sub-pixel based

on the input signal of the first sub-pixel, the input signal
of the second sub-pixel, and the input signal of the third
sub-pixel, and outputting the output signal to the fourth
sub-pixel;

outputting a reciprocal (1/a) of the extension coefficient .,

the reciprocal (1/c) being the control signal; and

performing filtering processing on the control signal by a

set first time constant to calculate and output the light-
source device control signal, when the control signal is
smaller than a set threshold value, and performing filter-
ing processing on the control signal by a set second time
constant to calculate and output the light-source device
control signal, when the control signal is equal to or
larger than the threshold value.

14. A signal processing method in a display device that
includes an image display panel in which pixels are arrayed in
a two-dimensional matrix, where each of the pixels includes
a first sub-pixel that displays a first color, a second sub-pixel
that displays a second color, a third sub-pixel that displays a
third color, and a fourth sub-pixel that displays a fourth color,
a signal processing unit that converts an input value of an
input HSV color space of an input signal into an extension
value of an extended HSV color space that is extended by the
first color, the second color, the third color, and the fourth
color to generate an output signal of the extension value, that
outputs the generated output signal to the image display
panel, and that outputs a control signal for controlling lumi-
nance of the image display panel, and a signal processing
circuit that performs signal processing on the control signal to
output a light-source device control signal for controlling a
light-source device that illuminates the image display panel,
where the signal processing unit calculates an extension coef-
ficient o for the input signal, and calculates a reciprocal (1/at)
of the extension coefficient o, the reciprocal (1/c) being the
control signal, the signal processing method being executed
by the signal processing circuit, wherein

when the control signal is smaller than a set threshold

value, filtering processing is performed on the control
signal by a set first time constant to calculate and output
the light-source device control signal, and when the
control signal is equal to or larger than the threshold
value, filtering processing is performed on the control
signal by a set second time constant to calculate and
output the light-source device control signal.
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